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BAASERIEH BRI FTIEHEN S 5%

YLK, MEE, RRE, XA

LK B S g4 e, AR 10 2 B S0 %, 30 430062,
2. TR WIS AEBHEARR, T 315211

W E: @t (GF-5) 2 moG i A% o i v 56 35 A 20 B g RRE L (A S B Ry T v 5 78 25 i Rl Y
AR 2SRRI . YARICREA IR A B B ARICRE AT, GBI ER T R, SRR, AT RIR
FHBGE R, S BIEARICA DT R (PR SeExRARIC AU (HARE) A9 ARSCE M TR T
B A 4G 1) S I S8 I A 2O . 1A, A B MR AR S A TSR B AR W T AR s AR, B
FH P 75 26 0] 55 7 WAl IR S B BRI AR S AR I s He 38 FHAG T A5 390 0% 28 400 6 0 D Sl RS A 7 AR 3
fEAFE S BRI 555 R, 2R84 m IO S 7 s, SCBNT E ARSI 19 2 s . AR SO BBE AR
A FLH) GF-5 @GS SR AT T I IE, SCUR 2 AR, A UL BAR 5 P 723 [0 5 B0k MG 5%
Tk, RO, EFC O GF-58UE L, AU HRUIR SIS 35 ik (1 i SR 2R 3R T T 3.5% , SCH¢1m)
L EN R T 2.3%.

KR wE, WaRY, EOGIEERG, BERN, s, RO TR, U AR

IR BILE, MBS, BRE, B 2020. B8 A S B RIE MG XBEX FEIBEN 55 % . BRFR,24(4) : 417-426

Journal of Remote Sensing(Chinese) % & 54k

Peng J T,Sun W W, Wei T H and Fan W Q. 2020. A modified correlation alignment algorithm for the domain
adaptation of GF-5 hyperspectral image. Journal of Remote Sensing (Chinese) , 24(4) : 417-426[ DOI: 10.11834/jrs.

20209212]

1 5 7

BT AT (GF=5) St A s ) R AR
Pl b 25 SO0 N 11 4 3 B = i LA (RT S 6 Ak
FERPGLIAMEB W EOETE N ), T 2 Akl
LI 265 1 4 65 KA 2 A o 3K 6 A2k A i 15
mr S DR T ARG . WK, Bk
ARSI . WA I A T, b R BT W
BRURIh AT . B ORI AT, AR . T
SEM E LTSS .

B L TR R A e 1 O AR A
(GF5_AHSI) MZs[H4p #8450 30 m, B 5 i3
s BT iR LA B . fE Qe RS P, X 45 Fil
SRR B bR T A5 T R ME. TR AE R
METF H N TARIC R AR S, PRl A it i
AR A, EARCREARRBRMER T, mGEE

fE B EA: 2019-06-25; FEIZA: 2019-12-20

1Ry J AR PERE 2% (Bioucas—Dias 45,
2013; SKRIBEMZAEZRKZ, 2016). WHTIEIRICHEA
ABREBTCRICREAR R OLT , S BR MR 3 1 %
s R A s 2s, 2 HA PR TR,
[ it B A HE A PR X (Tuia 5%, 2016). H
T O BB RORE R, A RLAY 3 55 SO [R] A A
TSR I Y R G T B B AR LR e (B DCAE
&5, 2016) . PR, AT LUF ] H ARRUR BHES 55 10 bR
1057 5 5 rh A [R] v D' T A RS AR IR T s bR
BRI AR bR R HAT 26 . ©A ARIC IR ]
DIBEIRAVEIRIR, Abmic iy EUGAE R AR, B )
DA (Domain Adaptation) £ AR AT ) R YR Sk G
PRICREAS 5 Bk Hl B S BT H AR 4328 (Tuia
22016, Pengg‘}, 2019; Long%, 2013),

Sl 3 7 A ME STE T URORT H AR TR
FETE— & BB i 22, BIB9S IR DA

BHETH: HFEARBES (45 61871177, 11771130, 41971296, 41671342, U1609203) ; #iiT44 A AR 4 (45 : LR19D010001,

LQ18D010001)

FE—EEE N BILE, 1982484, B, BdR, M7 I ym etk g4 3. E-mail: pengjt] 982@hubu.edu.cn
WISEE T MBS, 198544, B, Bz, w5ty m (5 B R 58 8RS A )ik . E-mail: sunweiwei@nbu.edu.cn
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I A o X T CF-S Kl , F i 14T {58 1 g
I RE N L H AR X TR AHY), Erlhe
Sy A AE R — g R T R R X8k, i T b o A
DX AN ] HLAS [ X 38 22 ] ] B ) BRI , X 25
O L G T i R R A B R R o 2 TR H AR
B ARG A B, TR B {5 B T B
BT H bR

N TR, AT LA RRIE SR L Oy
JeAs AN HOHE 3 A A 3 S5 5T R A A
%% o lzquierdo—Verdiguier 53 (2013) i EHiY 7
977 30, RS A ) e R S AL, M A
ABERE . RS ROBEAR S 1 BT Y R AU S 1]
PR gRae, e T SCRE IR L5328 o Persello
1 Bruzzone (2016) ik | #%=5 [MIAERHE, #4T
OGS EMRIE R o gy et H A N T
B — K I 2 Ir:, B A iR
ICHEAE BT H PR EURPRICHEAR BT 0 2 dn it
W KA ZR AL 71 (Bruzzone fl Prieto, 2001)
MEZN 2]k (Bruzzone 5, 2006) . HHE /A
FI 3 V7 v B A — S e i 45 PR R H AR
WK O3 A AL, AT el A Y R A ) A5 3
F B AL RE 1 4 B T B bR R R S R
AR H B A S A ) AR 4, 0 S ) X 5 SA
(Subspace Alignment) (Fernando %5, 2013) . il
W # GFK (Geodesic Flow Kernel) (Gong 55 ,
2012) . i #% W 43 53 #F TCA  (Transfer Component
Analysis) (Pan%§, 2011) %, P& EIXFHEIEE
SeX PR H AR S B B TS a], AR E T4k
— WS R S 23 ) R B2 R AT 5
+ 25 [al /] LLas [ & W4 43 B PCA - (Principal
Component Analysis) 3K f# 75 2] (Fernando % ,
2013), L n] L i f 2 /)y —3f PLS (Partial Least
Squares) KRFEAFE] (Sun %, 2016). MHLFAZ T
B S IR O H PR B A5 6], RS R
— M M2, (A IR s AR i 0E H AR
23 [] o b 2 T P > 220 1 A 95k 1) H A i L AR
MG (Gong 25, 2012) 0 KT T2
XF ST, Wb A% Tk v A Al AR
I3 3 W B fe /s AR AR B . 1B LA o b
K VSIS A SR ) B Al — e e 38— A v 4 4
A A R AR ). TR A, /MBI R
H AR B IR 25, W] A e AR B R B AT A
BN ERE M (Pan 55, 2011). 25 A1 A HE 2R

PRI 2 5 AT

53T 25 M AR AR DT X 55 Or R A, ¢
X551 CORAL (Correlation alignment) L FEEF X}
J b St R AT AR B, SR IR R H AR )
W ZBrgeitat (IJr2) ski/MEsEE AL (Sun
85, 2016) o RIS FFIE AT ZARAT HARSAEA 1Y
Wid, & TEEOt, JfF H O A e 6 G saE iy -
JEIL T RAFRITERE (MadF, 2019). SCHXFFEERY
R NMT WL (1) A B8R P 7
25 (2) WRBEAHAEIEFT 1L (whitening) FIHHT
EH1 (re—coloring) AbBE, FELTE (1) H, BT
ZEMTHIE RO AL IR E H AR i R AL
AR, TS B REAS P05 28 56 B 3 R AN
WM Y (Hoffbeck F1 Landgrebe, 1996). #H4b, #
B (2) ol EXIRE T R B 7 22 AR MR, HAE
FEAB A RV LT W2 AR E 1Y

TR AR AN TR) T, AR SR FH A g R
A5 M SMT (Sparse Matrix Transform) 77334511 R
BOR AR P 77 25 (Cao %, 20115 Theiler 5,
2011; Cao 1 Bouman, 2009; Peng M Luo,
2016) . Hi i 4 A2 4 2 B Cao 1 Bouman (2009)
fEhm, ZOrE REM TR 2 0 Theiler 55
(2011) ¥ i A2 46 07 P 7 s D' i R 4 2
fai . SRR . ARAERTISE . Peng Fil Luo (2016)
Y R O A2 A 17 T e DI PRI e M 531 43T
AR SORE R i A8 728 8 0 T 08 I, 4R AR T R
G R R A 4 ) G IR X 5 5% (CORAL-SMT) S fit
TR O 1 AR T W B R 5 A S R, AR
CORAL-SMT v, J5URT H B sl 14 P37 2 6 R 9 24
W HA —DRAE S, XA RRAE 3 T DL R
F—FINE S (Givens) JeftHIaRBIER . TEtk
KAUSRHEZR T, Fe T2 e/ MEskms , AT LUA AL
M AG TS B P 25, JF HAR TS 2089 B 7 22 9T LA
PRUESZTEE 1

2 Wk

AT A G IR A . i R B A
D7k, RGBT R AR e etk S IR 55 Bk
21 KBEXISFIE

iEYEﬁﬁfﬁE‘#Z’K%ﬂgs = {xl’xz» Ty xz}» XHLK_E
E(J*/j—:iaﬁéj\j YS = {yl’yz, ...,yl}’ ;E\:EP %, € Rll,
¥ e (1,2, ) HERBIAFFITREASE A 2w



UL A5 w0 LT OGS AR SIS S i 1 5 732K 419

x, Yo JGE N H bR 2 R TR
FIARICFEA S B SEB HARSR PR ICAHEAS ) 232

BB PR AT E A U A E s 25 AT 4
AL TALEE I R H bR SR A BT X 10 )
DR B A e Co M Cpo B TR BRN H b5 14T
P2 MAE—EER, Cy# Cpro REXTFIEH
PR R B — R AR R A, A IR 480
Az J5, XA Py 25 5 B AR B Jr 22 AH DT
Bilo VRISURRAE S S R AR I A AR ), A5 )
FEAE SA, HXT R A 7 225 B A" CsAL SCERXT
FEMAL HAR T

T={x,,%.,5"""

|Q—Q

n@( 2=HNQA—043 (1)
X, €, = A"C A FIRZEWIG TRAFAE SA I H 7 22,
I1+11, 278 FE B4 1Y Frobenius 10.4% .

R AR AR, 0T LS 2 AR W [ A
HAWMTIEA (Sun 55, 2016)

1 1
A=C2C} 2)

ATUAE H, PRIRERAE AR 3] S R AT A
S=SC2 S =SC: 3)

A, BB IR A B AR s 2
A, iz A E AR 7 28 %) A2 4 B AT EOR R
@, MR F AR BT 28 X1 5%

22 WEHREEKETHR

Gy NAREAR (3,2, oo o o d %
A By, 2 e 2 A B (AL
7 4305 19 85 T WL 0, B 22 R IR

Rcﬁ¢mﬁ£0=%xwﬁﬁimﬁ§ﬁmkm

TR, X = Lem ooy} T B
TFESEUI T 256 R, 30 BORPEA R NIOKR .
UREA KR B0 AR R I, REAS I 5 28
Jywr AR, X AARAR 2 5L T Uy 25 0 R 1 Rk
R BIIEIBAT . N TS Y7 22 5 B AR A
S, AR M GRS 4 (SMT) 5 kAl s
ZAEME (Cao%, 2011; Theilerd:, 2011; Cao il
Bouman, 2009).

(B )5 22 R0 R AR ST : R = EAE”,
A, EFRORIESSRHE R AR, A KRR RHE(ERY
XPAFE R . X BB S AR R LR A T AT D AfE = i
BFREMAWEERIT (Cao A1 Bouman, 2009)

E = arg min (‘ diag (ETDE) ‘) 4)

A= diag (E"DE') (®)]

A, diag(A) 78 BUE [ A X £ 20 4H A X A

TR, | AR AT, Q2 RVFRYIESS

AR, ERLA YN A A3 (4 1F SRR 1

R AE A AR . R = EAE" 2007 2256 1%

R R ARLIR A 3T

h T $E TS RHAE ] B AR R E R AR A 1

15 BE,  Cao Ml Bouman (2009) #2 6 QFR %l A

A TR EIEAIERZ B LS, Wilil, X

S GF A2 8 e ] DL SRR O — &R 9 3 S0 e f

(Givens rotations) IR : E =E E,--E. H,

W SR, B,k — S S i, R, TR R
96, BN, , Bl

E, =1+0(i.0,) ()
Kb, R, H
@@ﬁmk
cos(ﬂk)—l, r=s=i,r=s=j,
:sm@M r=i, Hs=j, -
—sin(Gk), r=j, Hs=1
0’ ;H\:,ﬂﬁ

i L R P 72 T 1 1 ) 2 A R O Y
SCHTIE e A5 B RRAE 1) d A0 MR A T SO e R
St AR bR, M, DLROIERG A RS 6, e . T Uil
AT fe /M T PR SR ARS8, fE B IGEAR
WF, B S I B/ ME E R E A AR AR i, L,

D>
— HLHE T 0, My, ORISR E, 0T iR A
5%
E, =1+0(i4.0,) (9)

. 1
K, 0, = Earctan( -2D,,,D,,, - Djm)o

2.3 ETHRBEETREXEXFIE

CORAL .7 1) H A S X 55 U5 35k Fn H A 3k 4 A
AU 2E, Hphy ZHENTTEEXCERE ., %
JEF SMT 7775 ML R B (Theiler 5, 2011), &
T4 HR SR SMT 5 32k 43 0 T H S A A R B B A
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W2, Wk
és = EsAsEIa ér = ETATE; (10)
SRIG, IR R B 7 25 I X 5F
min 4G4 - éTHi (11)
TSRS 3 A LM AR J 0 [y

A= C;%(:‘,% (12)
B 1R T FRATTHR A IR T i P AR
X555 (CORAL-SMT) .

&k 1 CORAL-SMTH ¥k
BN TREARE S, BARERE T, TEhRid Y,
L3l ik SMT AP0 75 2% «
Cy= B AGE]
Cyp=E,AE}
2 SRR AR

11

A=C2C3
3R 57
S=5%
4 HRss2
Y, = classifier(S, Y, T)
W HARERR N Y,

3 SREAR

3.1 SCISHE

(1) ¥ T GF-5 #dls % . Rl GF-5 AHSI
1B RS T 2019-01-07 A HAY FE 0] 11 b X1 5 6 3%
ITHERAR . AR KN 1185%1342, (L AR 11
A HER R 30 m, JGiE R VNIR (0] 0
e HITLL AN ). 4.278—4.460 nm, SWIR (% k2T
Hh): 8.420—8.450 nm. ARG VL Bl A VNIR:
0.390—1.029 pm; SWIR: 1.005—2.513 pm; {05
330 ik Br, Horf VNIR 150 % Bt , SWIR 1801
WeBeo AIBR 45 IR BL, RF 285N BeH T o7
25, Il SN SR, %G bR T )
Fe 212, EEURH, KA REYRIE. N
T IRk B A N AR RE B 22 R AR
I8, RIA I BN ARSE A IR R H ARd . HAHh
BB R 25 o M A BN A S B X 4, an 1
AN, LLER BT RIS, R o HARE e TR IR
Hirs b Pkt S BHEAH TER =S, BIKFER
L1, Ho PR B AR R A S k0 0 o 1325
11948,

(a) PAR LG IRIEI &

(a) RGB composite image

(b) ZHtmic Kl
(b) Ground truth

K1 B H GF=5 Kl pd ths (G g (8 (a) B 1,
30, 20 735 BCE WAL B ) FIESE (Y 5 AR AR IC ]
Fig. 1 RGB composite image for the Huanghekou GF-5 data

(Fig. 1(a), bands 1, 30, 20 are set as the red, green, blue

components ) and the ground—truth of five classes

F1 BAOEERISHEREEASE
Table 1 The number of samples in the source and target

domains of Huanghekou data

e B3l TR H bk it
1 i 132 261 -
2 KA X 453 343
3 by 430 506
4 ARLIX 134 419
5 K 176 419

(2) IR CF-5 %t . I GF5_AHSI £
75T 2019-04-04 FK A VL A5 1K 119 15 9 3 43
PERFGAR . SR K/ 1175x585, AR X I 0y
FR 2545 15 43 34 120.177876°F H134.270704°N, 1
JRARZS A 3R K 30 mo BAEE 330Dk, A
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Bk 63 IR BE, A F 267 MBI T, %
1G5 17 6 3ok V2 VA Y M, 3 ok b ) 288 1) S e 9
AR AR T Mo 2 9 20 285, AL AR VR . M
s EPE . MR B KBRS A
HORAHAE Y DI, DA T ASE R g 22 SR A 11 T
ME2FR, LT A, EhRhERR, 75
TSR H AR b Pk 6 AR I TR 22 ), Bk
R 2, oA PR R B bR SRR A B B BN
1140 #11 1880,

() O R 2

(a) RGB composite image

(b) ZHFRICH

(b) Ground truth

B2 R CF-5 5T (b i B (B (a) B2 1, 30,
20 43R AE AL B (i A ) IR E 1 6 BREAS AR i
Fig. 2 RGB composite image for the Yancheng GF-5 data
(Fig. 2(a) bands 1, 30, 20 are set as the red, green, blue

components) and the ground—truth of six classes

F2  EhyEURIREA B AR E
Table 2 The number of samples in the source and target

domains of Yancheng data

%' el TE IR SE7RE e
1 i 365 940 -
2 KT FRAEIX 76 152
3 Fei M 427 405 -
4 IR 137 80 -
5 RHk 53 181
6 sl 82 122

32 XfLe&E&

ARSI ) 3 T B R R AR e 1 S B X
Bk (CORAL-SMT) 5 R ik xt

(1) NA (No Adaptation) : H % F i 4, 2% >J

PR AT 2K 0 28 HARBIAEAS

(2) PCA (Principal Component Analysis) : #
FH 1803 53 W 7 125 25 23 DR IRN H A U AR 1 3 [
ERlE

(3) SA (Subspace Alignment) : 75 [H] X} 5%
511 (Fernando 5§, 2013), it PCA ZE 4t i 5
B E AR T A ], SRR TS AT R 5

(4) TCA (Transfer Component Analysis) : if
¥l oy M i (Pan 4%, 2011), ‘BRI BCRT H
P RS A — R WS B — A i P A A AR R
], IS 1] Fp /N TR F A J58 9 -7 2
B Semrh, SRR K%L

(5) GFK (Geodesic Flow Kernel) : il i £ #%
Jrtk (Gong?§, 2012), SR IEBAT H AR5
SRSl ARG M — 2 YR B3 ) 21 H
Brdsl 3 [A) ) — 2R Mk, AR 1T H e

(6) ITL (Information-Theoretical Learning) :
fE B HLEE 2 Jrik  (Shi #1 Sha, 2012), “%2J3k
AN AE % T B[R] A DAG A B 8 40 531 23 2 A0 O
(e B HRIR i

(7) CORAL (CORrelation Alignment) : > H§
XEFFHE (Sun 55, 2016), XI55 U5EURT H ARk
.

4R IRTR R RO H B SR 2 )R, R
I ITZB NN (Nearest Neighbor) F13ZF[a] AL SVM
(Support Vector Machine) 4324 X} H A5 5 A i
110026, SYM LRI MER i %, Hoh G 24 C
(I 5FERE R {1, 10, 100, 1000, 10000 }o 432HEREDF
WrA8 AR A B 73 2 UER % OA (Overall Accuracy)
ke REL

34 LIGHR

341 FWOHBEIEER

RIS IRAER R e REL, R 3P, M
YR LE R AT IF

(1) NAWFLIAR B R e . X R, R
FHURBRE R DI 2545 21 A 55 80 15 4 %0 B An ki 17 4
J5, IR EHCA I B A R . GF-5 B 1)
JERE S PERAR &, AR NS ZI A T ) AR TG R
fiEe TEAIRZERFEMEO T, &0 HER NGS5
P ATH SR R 6% % 5400 0 PN 76 )RR REAE
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RI HUOBESEER

Table 3 Classification results on the Huanghekou data

NN SVM

OA K OA K
NA 0.9204 0.8988 0.9127 0.8887
PCA 0.8470 0.8046 0.8701 0.8338
SA 0.8655 0.8282 0.9091 0.8840
TCA 0.6971 0.6175 0.8106 0.7568
GFK 0.8711 0.8355 0.9086 0.8834
ITL 0.9107 0.8866 0.8989 0.8712
CORAL 0.9271 0.9072 0.9204 0.8984
CORAL-SMT 0.9620 0.9518 0.9435 0.9282

T R S e

(2) fEo T Fam x5 E %k,
PCA, SA, TCA, GFK, XfHHEIEALS . &
ik e oS A FF R AN L 2 S, A2k RE R
ANUINA 52 F25 SRR b 128 (R 27
M EREE, YFIMENN T AER, BF
T3 A BOCHE (5 B ARG BT, 28 A S5 0306
MmesER B R mEH, SHEArEReEE,

(3) CORALZ L H AR IR AN H AR Uy Jy 22
HATX5F, e —E A el AR NA L, &
TR Y ek 3R 9 CORAL-SMT, i gl itk U 7 254
Th, AN ER TSR Py 2255 M, NN RE

0.5

PSP AR . X R B B A A 0 3 N Bk
WIERRUE N KIET i MEne. (B2, FEE
CORAL-SMT v, kORI M7 25550, 1153
B H CORAL Z 48 , CORAL H CORAL-SMT 43 5l #&
0.1 s F19.5 s

5T O b U M 5 B NA,  CORAL,
CORAL-SMTHIEM 22 5, AL PR I 1 Bl LA
K¢ CORAL 1 CORAL-SMT 7Z #t 22 J i Y 38 A0 H A
WA, SR PCA A2 2 2 425 (0], JRI/N A
FIEE 3 . WE3 (a), ATLABEEH . &
U R SR H AR B B AR A — AN B
ST E O . IRBEEEEEEE Ty, M H bR
WAOAMAERE L. S5 NA LRS54 m o
FEUER R, HRAT 63 o Bl O R RN H bR
WEAEHEAT XIS, I BRI o A w25, AT —
LT 2 ERE. B3 (b) Y, @i CORALZE
e, WS H AR B Z R, (HRLL A
MEET A REESE. NEI3 (o) ATLEN,
Zeyk SMT 28 e 22 7, PR A H B s %o 17 £ [) 2
ARZIEEINE% . FEA, @A A L
&Y SR NS S G155 o 1 N & N R R S
A, xR, SMTAZB# 2 5, A48 289
D7 25 WNER , B AR AT I ) J 2 RS Ak 31 [
TINUERS, MRS XS 55 2 5 B As S AT 5

0.4
0.3
&K 02
= 0.1
Hoo
11-0.1
#]-02
-03
-0.4

0208 06 04 02 0 02 0406 05
FEAERS

(a) JEtt Bdhs
(a) Original data

0.2

oihVH  KFEIRAEIX el

(b) CORAL K4t
(b) CORAL transformed data

EEIX o KRE

04 06
AR

(¢) CORAL-SMT 28 5 4
(¢) CORAL-SMT transformed data
oYtk oHRE

P13 BT R IR e 2 24 i 15

Fig. 3 Two dimentional scatterplots of Huanghekou source and target data

#NA, CORAL, CORAL-SMTZ7E£2 Figsy
REERFIT AR, Ra—F6nHH M T
NA, CORAL, CORAL-SMT J5 ¥: Y43 2T 1 4
(Confusion Matrix) . AJLLERFL, NAH, 4550 F &
IMEITESE 1JEMEE 428, Hi, 138 (4a6) 4

YR (D) MIE3AK (W), 42K (&
) BB S (M), B 1F0BH, H22k
RAKTEFRBEIX, 5 3, ik 3 H KA K
F, ik B EA MR, LSS 4 X Ay
o 25l CORALZEHZ G, 5 1 315 328,



ALY 55 WIS RO

410 E X S Il B 5 432 423

5i5h, FEO T AR WA R T —E L.
223 CORAL-SMTALBEZ 5, ELAEA B RBHs 25
FHOIT. LIRSS AT TR
F4 BAOHEENAFTENSLRBER
Table 4 Classification confusion matrix of NA on the

Huanghekou data

NA Fi 25 24

1 2 3 4 5
1 173 11 77 0 0
2 0 342 1 0 0

HYZG 3 0 4 502 0 0
4 0 0 0 357 62
5 0 0 0 0 419

R5 FHMOHIE L CORAL FiEMINZERIBHER
Table 5 Classification confusion matrix of CORAL on the

Huanghekou data
CORAL T 4%

1 2 3 4 5

1 169 0 92 0 0

2 0 343 0 0 0

Bk 3 2 11 493 0 0
4 0 0 0 382 37
5 0 0 0 0 419

R6 HTOHIE L CORAL-SMT FikHIH KB B ERK
Table 6 Classification confusion matrix of CORAL-SMT
on the Huanghekou data

CORAL-SMT Toill 4 5

1 2 3 4 5
1 203 15 43 0 0
2 0 343 0 0 0

HIG 3 0 3 503 0 0
4 0 0 0 408 11
5 0 0 0 2 417

342 HIBIBEBLWER

FRATTHe B 1 B o R s -, R A
NN FI SVM #4743 28, 15 30 19 SR HE 1 R0 « &R
B, METIR. WEEEIRAT LA

(1) ZRIFE I 8dE, NAJS AT LA 2055
STRRERE

(2) EFFEEMFHEIE, WPCA, SA,
GFK, RERSTE— &M Lotk NA 255 . [HJE TCA
XU A AR . S Ak, ITL ik pERE AR 22

RT HBHESXER

Table 7 Classification results on the Yancheng data

NN SVM
OA K OA K

NA 0.9059 0.8623 0.9213 0.8875
PCA 0.9053 0.8608 0.9261 0.8916
SA 0.9064 0.8620 0.9239 0.8832
TCA 0.7548 0.6635 0.8676 0.8117
GFK 0.9059 0.8612 0.9346 0.9038
ITL 0.8335 0.7706 0.8340 0.7702
CORAL 0.9543 0.9328 0.9484 0.9248

CORAL-SMT  0.9559 0.9352 0.9532 0.9315
T BRI A i

(3) CORALF L b 3 Hh ol 3% 1 J5 4R A NA
FRATHE P CORAL-SMT, RSkt 7 R ia 1Y
CORALE, 198 T fi i i SR MER 0« 5K

(4) FEMEFE L, BT CORALAICORAL-SMT
ZAbh, SVMIEH L NNRCR B 4, {HAF CORAL I+,
NN &R 4 . 78 CORAL-SMT |, NN F1SVM %L
A,

JEUR K5 UL &% CORAL Fil CORAL-SMT 7% e 2
Je BURISRT B AR AS, SR PCA B #5251 2 4
Z5 ], %R TR AR 4 iR . Bkl LA
o [ A [ S BEA B A PR H AR 2 1R A7 A B
(o3 A 25 o $GE 7%, 41 CORAL Fil CORAL-
SMT, REfE7F — & 2 I ole 0F 3 0 A BE 75
CORAL-SMT % CORAL % W &} i) — 4~ ele ik = 2 AE
TRAAISr, Zit CORAL-SMT AN Z J5, BEA4a34
G306 I B IR SRT B AR SR A 2 B SN T

F8HFE 9/ HIZA H T NA AT CORAL-SMT J5 2
I 2RIRE S (Confusion Matrix) . MFE8 A LLFH
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Fig. 4 Two dimensional Scatterplots of Yancheng source and target data
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A modified correlation alignment algorithm for the domain adaptation of
GF-5 hyperspectral image

PENG Jiangtao',SUN Weiwei’, WEI Tianhui',FAN Wenqi'

1.Hubei Key Laboratory of Applied Mathematics, Facultyof Mathematicsand Statistics, Hubei University,
Wuhan 430062, China,
2.Department of Geography and Spatial Information Techniques, Ningbo University, 818 Fenghua Road, Ningbo
315211, China

Abstract: GF-5 is the first full-spectrum hyperspectral satellite used to achieve comprehensive observations of the atmosphere and land.
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The hyperspectral sensors on the GF-5 have high spectral resolution and wide coverage. However, labeling all the materials on these wide
ranges is extremely difficult in practical applications. Hyperspectral classification is extremely difficult when the number of labeled samples
is limited or no labeled sample is available. In this study, we aim to present an effective unsupervised domain adaptation technique that uses
labeled pixels in the existing old domain(source domain)to classify the scenes with limited or no labeled pixels (target domain).

Correlation alignment (CORAL) is a simple and effective domain adaptation method. However, the covariance computation in CORAL
may be inaccurate in the case of limited training samples. We propose a new CORAL algorithm on the basis of a sparse matrix transform
technique (CORAL-SMT) to solve this problem. The proposed method first uses the sparse matrix transform technique to estimate the
covariance matrices of the source and target domains and then performs the CORAL between the estimated covariance matrices. The SMT
method can obtain an accurate covariance estimator, which is constantly positive and definite.

In the experiment, we compare the proposed CORAL-SMT with some classical domain adaptation methods, such as subspace
alignment, principal component analysis, CORAL, transfer component analysis, geodesic flow kernel, and information the oretical learning.
After domain adaptation, we use the nearest neighbor and support vector machine as classifiers to classify the unlabeled data in the target
domain. Two GF-5 hyperspectral datasets, namely, Huanghekou and Yancheng datasets, are used to evaluate the performance of different
methods. Experimental results demonstrate the effectiveness of the proposed method compared with subspace-based alignment methods and
CORAL.

The GF-5 data have good spectral discriminative ability. In the case of bias sampling, the performance of classifying the target samples
on the basis of the source model is acceptable. The distribution difference between source and target domains is decreased, and the
classification performance is intensively improved using the domain adaptation technique. The SMT technique can improve the covariance
estimation,thereby benefiting the following domain adaptation.

Key words: remote sensing, GF-5 satellite, hyperspectral image, domain adaptation, classification, correlation alignment, sparse matrix
transform
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